The reliable measurement of shoulder strength is important when assessing athletes involved in overhead activities. Swimmers' shoulders are subject to repetitive humeral elevation and consequently have a high risk of developing movement-control issues and pain. Shoulder-strength tests performed in positions of elevation assist with the detection of strength deficits that may affect injury and performance. The reliability of isometric strength tests performed in positions of humeral elevation without manual stabilization, which is a typical clinical scenario, has not been established. Objective: To establish the relative and absolute intrarater reliability of shoulder-strength tests functional to swimming in 3 body positions commonly used in the clinical setting. Design: Repeated-measures reliability study. Setting: Research laboratory. Subjects: 15 university students and staff (mean ± SD age 24 ± 8.2 y). Intervention: Isometric shoulder-strength tests were performed in positions of humeral elevation (flexion and extension in 140° abduction in the scapular plane, internal and external rotation in 90° abduction) on subjects without shoulder pain in supine, prone, and sitting. Subjects were tested by 1 examiner with a handheld dynamometer and retested after 48 h. Main Outcome Measures: Relative reliability (ICC 3,1 ) values with 95% CI. Absolute reliability was reported by minimal detectable change (MDC). Results: Good to excellent intrarater reliability was found for all shoulder-strength tests (ICC .87-.99). Intrarater reliability was not affected by body position. MDC% was <16% for every test and ≤11% for tests performed in supine. Conclusions: Shoulder flexion, extension, and internal-and external-rotation strength tests performed in humeral elevation demonstrated excellent to good intrarater reliability regardless of body position. A strength change of more than 15% in any position can be considered meaningful.
The reliable measurement of an athlete's shoulder strength is an important part of clinical assessment. Accurate shoulder-strength assessment and measurement of strength change over time is necessary when making clinical decisions concerning diagnosis, treatment, exercise progression, and training loads and in sport-specific screening. To determine specific shoulder-strength deficits related to an athlete's overhead function, assessment should include tests in elevated positions of the humerus at and above 90° shoulder abduction.
In the early pull-through phase of the freestyle swimming stroke, the shoulder may reach end-range abduction, and shoulder pain is commonly reported 1, 2 ; hence the reliable investigation of possible contributing factors such as shoulder-muscle weakness 3, 4 is paramount. Flexion (FL) and extension (EX) strength tests in 140° abduction are functionally relevant to this part of the stroke and the hand-entry phase. Another vulnerable part of the stroke is recovery, when the arm is out of the water and the shoulder is moving into abduction and external rotation (ER), where pain and impingement have been reported to occur. 1, 2 Previous research has demonstrated that shoulder ER, internal rotation (IR), abduction, adduction, FL, and EX strength testing using a handheld dynamometer is reliable in ranges at or below shoulder height, [5] [6] [7] but no studies have investigated shoulder FL and EX in ranges above 90° abduction. Body position has been shown to influence the reliability of strength testing. Cools et al 6 demonstrated good to excellent reliability for shoulderrotation strength tests regardless of patient position with stabilization provided to the trunk or limb, which is not always possible for the sole clinician.
This study aimed to establish the relative and absolute intrarater reliability for testing shoulder strength (FL and EX in 140° abduction, ER and IR at 90° abduction) in different body positions without manual stabilization.
Methods

Design
A repeated-measures reliability study design was used. Independent variables were examiner, test, and body position. The dependent variable was muscle strength.
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Subjects
Volunteers age 18 to 30 years were recruited from the university community. Exclusion criteria were a history of shoulder dislocation or surgery and shoulder pain within the previous 2 months. Potential subjects were excluded if shoulder pain was experienced during the testing procedure. Permission to conduct this research was granted by the university's ethical committee.
Procedures
One experienced female physiotherapist (weight 56 kg) performed the measurements. The tester was blinded during testing. Tests were performed using the selfcalibrating JTech PowerTrack Commander Muscle Tester (JTech Medical, Salt Lake City, UT, USA).
Shoulder FL, EX, ER, and IR strength tests were performed bilaterally in prone, supine, and sitting positions on 2 occasions, 48 hours apart. The order of testing was block randomized. Within each test position (prone, supine, and sitting), shoulder-strength tests (ER, IR, FL, and EX) and side of testing were randomized for each subject. The same order for shoulder FL, EX ( Figure  1 [A]), ER, and IR ( Figure 1 [B]) strength tests was used for both sessions. No manual stabilization was provided to the participant's body or upper limb.
Subjects completed a questionnaire that included questions on hand dominance, shoulder injury, pain, and exercise frequency. A 3-minute shoulder warm-up was performed with resistance tubing in the same directions used for testing.
A "make" strength test was performed for each of the test positions. Two repetitions of each strength test were performed in each test position with a rest period of 5 seconds between repetitions and 30 seconds between strength tests. The subject was asked to gradually build up to a maximum force and maintain the effort, then relax after 5 seconds.
Statistical Analyses
The maximum value recorded from the 2 repetitions of each test session was used for analysis. The overall mean and standard deviation (SD) in Newtons (N) were calculated for each strength test in each body position. Test-retest intraclass correlation coefficients (ICC 3,1 ) (2-way mixed with absolute agreement) 8 and associated 95% confidence intervals (CI) were calculated after normality of data was determined using the Kolmogorov-Smirnov test. Reliability was reported as excellent (ICC ≥ .90), good (ICC .80-.89), moderate (ICC .70-.79), or low (ICC < .70). 9 To determine absolute reliability-the extent to which the measurement varied for subjects between the 2 testing sessions-the standard error of measurement (SEM) was calculated. The SEM value was used to calculate the minimal detectable change (MDC) at the 90% CI. To enable more meaningful comparison between different individuals and tests, %MDC was then calculated. All data analyses were performed with SPSS (Version 20, IBM Corp, Armonk, NY, USA).
Results
Fifteen subjects age 24 ± 8.2 years, height 169 ± 3.4 cm, and weight 66 ± 10.4 kg completed all tests with no reports of shoulder pain during testing. Ten subjects were female, 2 were left-handed, 3 had a history of previous injury (more than 12 months before testing), and 13 participated in structured physical activity at least 3 times per week. Good reliability was demonstrated for all FL and EX tests (ICC .87-.99) ( Table 1 ). All rotation tests demonstrated excellent reliability (ICC .90-.97) ( Table 2 ). The MDC 90 ranged from an absolute 1.81 to 13.41 N for all strength tests, with %MDC consistently below 16% (Tables 1 and 2 ).
Discussion
This is the first investigation to report the reliability of shoulder FL and EX strength tests above 90° shoulder abduction in 3 different positions. Intrarater reliability for FL and EX tests was good in all positions (ICC .87-.99) ( Table 1) . These more than acceptable intrarater reliability results were achieved without the application of any external stabilization to the upper limb or trunk and with tests performed on different days, replicating a typical clinical scenario.
Excellent intrarater reliability was also demonstrated for ER and IR strength tests performed in 90° shoulder abduction in all 3 body positions, without external or manual stabilization, and MDC results remained below 14% for all tests (Table 2) . These results are comparable to previously described intrarater ICC values (.93-.99) for ER and IR strength tested at 90° abduction 6 and indicate 
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that ER and IR shoulder strength can be measured in elevated ranges as reliably as reported in lower ranges 5, 10 when external stabilization was provided. 5, 6, 10 Although %MDC values have not been previously reported for shoulder-rotation-strength tests, the MDC values for ER and IR strength measured in this study are comparable to those previously reported at 90° abduction (10.7-16.8 N) 6 and 0° abduction (8.7-10.6N) 5 (Table 2) . Previous studies performed retesting on the same day, while the current study protocol retested after 48 hours, a more common clinical situation. These results indicate that for shoulder FL, EX, and rotation-strength tests performed in an elevated position in any of the 3 body positions, a change of more than 15% is likely to be a true change in strength, rather than a difference due to measurement error. The supine position is recommended if performing all tests as a group, as the %MDC values remained below 12% and it is ergonomically better for the tester. The MDC remained below 6% for all rotation tests performed in prone, so this position is preferable for the rotation tests.
The good to excellent intrarater reliability and %MDC results demonstrated in this study have significant implications for clinicians assessing and treating athletes. As many overhead athletes, including swimmers, experience shoulder pain when the arm is above shoulder height, 1,2 a reliable functional strength assessment in this range is required. To assess the effectiveness of strengthening exercises to restore function, optimize performance, and prevent injury, changes need to be measured over time and often by a single clinician. The results of this study have demonstrated that such a strength assessment can be performed reliably without external stabilization, benefiting the sole clinician, and thus is an accurate and efficient method that can be easily translated into busy clinical schedules. Furthermore, establishing the %MDC that represents meaningful change in shoulder strength enables clinicians to accurately evaluate the effectiveness of strengthening programs.
The intrarater reliability achieved in this study was aided by a number of factors. It has been established that the strength of the tester affects his or her ability to stabilize a handheld dynamometer and, therefore, influences the reliability of measurements. 7, 10 Consequently, the strength-testing protocols without manual stabilization were designed for the sole clinician by employing optimal tester positioning and maximizing the length of the lever arm, giving a mechanical advantage to the tester. In addition, careful and consistent handheld dynamometer and subject positioning, clear instructions to subjects, and familiarization with the tests by incorporating these as the warm-up movements are likely to have contributed to the reliability results achieved.
The results of this study only apply to a single tester, and the intertester reliability of shoulder-strength tests in elevated shoulder positions remains to be established. However, the encouraging intrarater reliability results achieved show promise that a reliable, functionally relevant shoulder-strength-testing protocol for the swimming population and other overhead athletes is achievable. Future research will determine if this predication is accurate.
